Despite the widespread use of electrocardiographic changes to characterize patients presenting with acute myocardial infarction, little is known about recent trends in the incidence rates, treatment, and outcomes of patients admitted for acute myocardial infarction further classified according to the presence of ST-segment elevation. The objectives of this population-based study were to examine recent trends in the incidence and death rates associated with the 2 major types of acute myocardial infarction in residents of a large central Massachusetts metropolitan area. METHODS: We reviewed the medical records of 5383 residents of the Worcester (MA) metropolitan area hospitalized for either ST-segment elevation acute myocardial infarction (STEMI) or non-ST-segment acute myocardial infarction (NSTEMI) between 1997 and 2005 at 11 greater Worcester medical centers. RESULTS: The incidence rates (per 100,000) of STEMI decreased appreciably (121 to 77), whereas the incidence rates of NSTEMI increased slightly (126 to 132) between 1997 and 2005. Although in-hospital and 30-day case-fatality rates remained stable in both groups, 1-year postdischarge death rates decreased between 1997 and 2005 for patients with STEMI and NSTEMI.
The acute coronary syndrome model espoused by the American College of Cardiology places unstable angina, non-STsegment elevation myocardial infarction (NSTEMI), and STsegment elevation myocardial infarction (STEMI) at increasingly severe points along a disease continuum.
1,2 Clinical trial and registry data have supported this conceptual model by showing that individuals with NSTEMI and STEMI have differing short-term prognoses and responses to therapies. 3, 4 Given the aging of the US population, and increasing population burden of obesity and diabetes, the characteristics of patients hospitalized with acute myocardial infarction have changed during recent years. 5, 6 Moreover, increasing use of high-sensitivity biomarkers to define NSTEMI has resulted in the reclassification of many individuals previously diagnosed with unstable angina. 7 Concomitantly, improved hospital treatments have reduced acute myocardial infarction-associated morbidity and in-hospital mortality. 6, 8 While several community and more select populationbased studies have provided information about trends in the magnitude, management, and outcomes of patients hospi-talized with acute myocardial infarction, [9] [10] [11] [12] few have examined trends in the incidence rates, hospital treatment, and prognosis of individuals experiencing STEMI and NSTEMI during a contemporary period when high-sensitivity biomarkers were introduced. The objectives of our study were to describe changes in the magnitude of, and outcomes associated with, STEMI and NSTEMI in residents of central Massachusetts.
METHODS
The Worcester Heart Attack Study is an ongoing population-based investigation examining long-term trends in the incidence rates, inhospital, and post-discharge casefatality rates (CFRs) of greater Worcester (MA) (2000 census ϭ 478,000) residents hospitalized with acute myocardial infarction at all metropolitan Worcester medical centers. In brief, the medical records of greater Worcester residents admitted to all 11 hospitals throughout central Massachusetts with a discharge diagnosis of acute myocardial infarction and related coronary disease rubrics were individually reviewed and validated according to pre-established diagnostic criteria. 6 
Classification of Acute Myocardial Infarction
A diagnosis of STEMI was made when new ST-segment elevation was present at the J point in 2 or more contiguous leads. A diagnosis of NSTEMI was accepted when, in the absence of ST-segment elevation, ischemic ST-segment or T-wave changes were present for at least 24 hours with positive cardiac enzymes or a typical clinical presentation, or both. From 2003 on, in the absence of electrocardiographic abnormalities, a diagnosis of NSTEMI was accepted when elevation in various cardiac biomarker assays, including troponin, was accompanied by typical clinical presentation. Trained nurse and physician study personnel reviewed all baseline and serial electrocardiograms (ECGs), and quality control activities were routinely conducted with respect to ECG interpretation and abstraction of data from hospital medical records. Computer systems at all area hospitals also over-read all ECGs and they were reviewed by study personnel.
Troponin assays were infrequently used before 2003 and were not considered in the diagnosis of acute myocardial infarction at that time. In contrast, troponin was commonly measured from 2003 on and was incorporated into the diagnostic criteria for acute myocardial infarction in 2003. Ninetyseven percent of patients with troponin had concomitant measures of total creatinine kinase or its isoenzyme subfraction.
Data Collection
Trained physicians and nurses abstracted demographic and clinical data from the medical records of greater Worcester residents with confirmed acute myocardial infarction. Abstracted information included patient's age, sex, medical history, acute myocardial infarction order (initial vs prior) and type (Q wave vs non-Q wave), physiologic factors, length of hospital stay, time interval between patient-reported acute symptom onset and emergency department arrival, hospital-associated delay to receipt of a percutaneous coronary intervention (PCI), and discharge status. 15 Information about the use of important cardiac medications, coronary angiography, PCI, and coronary artery bypass graft surgery was collected. 6, 13, 14 Development of various clinical complications during hospitalization was defined according to standardized criteria. 6, 13, 14 Survival status after hospital discharge was determined through a review of medical records and search of death certificates. Some form of follow-up after hospital discharge was obtained for the vast majority (Ͼ99%) of discharged patients.
Data Analysis
Differences in the characteristics of patients hospitalized for STEMI and NSTEMI were examined through the use of chi-squared tests for discrete variables and t tests for continuous variables. The prognosis of patients with acute myocardial infarction was examined by calculating in-hospital, 30-day, and 1-year CFRs separately for patients with STEMI and NSTEMI.
Analyses were initially performed for all patients with confirmed acute myocardial infarction, and then repeated for patients with an initial myocardial infarction only (n ϭ 3494); the latter analyses were carried out for purposes of determining whether the presence of a prior myocardial infarction would change observed trends in our principal study outcomes. We accounted for the effect of potentially confounding demographic and clinical covariates in examining changes over time in hospital and postdischarge CFRs by means of a logistic multiple regression approach. Multivariable adjusted odds ratios for in-hospital, 30-day, and 1-year CFRs were calculated, together with 95% confidence intervals, controlling for differences in several clinical and demographic factors (age, sex, history of atrial fibrillation, heart failure, angina, diabetes mellitus, stroke, estimated glomerular filtration rate, acute myocardial infarction type, and
CLINICAL SIGNIFICANCE
• Limited data exist about changing trends in the magnitude and outcomes of the 2 major types of acute myocardial infarction (AMI).
• In this population-based investigation, decreases in the magnitude of ST-segment elevation myocardial infarction were noted between 1997 and 2005.
• One-year postdischarge death rates also decreased in patients with ST-and non-ST-segment elevation myocardial infarction, suggesting that AMI prevention and treatment efforts may be contributing to favorable changes in the natural history of AMI.
presenting systolic blood pressure) separately for patients with STEMI and NSTEMI. In our regression models we did not control for the use of adjunctive medical therapy because the timing of medication administration could not be determined from our methods of data abstraction, nor could we account for confounding by treatment indication given the study's nonrandomized nature. The incidence rates of STEMI and NSTEMI were calculated in a standard manner using 2000 census data for the greater Worcester population. We carried out intercensal extrapolations in constructing population denominators for purposes of calculating annual incidence rates of STEMI and NSTEMI. We also carried out a series of regression analyses for purposes of examining changes over time in the odds of developing STEMI and NSTEMI while controlling for the covariates described previously.
RESULTS

Characteristics of Study Patients
A total of 5383 greater Worcester residents were hospitalized with confirmed acute myocardial infarction during the 5 biennial study years (Table 1) . Individuals hospitalized for STEMI were more likely to be younger, male, and were less likely to have a prior history of several comorbidities in comparison with patients with NSTEMI. Patients with STEMI were also more likely to undergo cardiac catheterization or PCI and to be treated with aspirin, beta-blockers, and either an angiotensin-converting enzyme inhibitor (ACEI) or angiotensin receptor blocker (ARB) during hospitalization. Patients with STEMI were more likely to develop a Q-wave myocardial infarction, have a shorter prehospital and PCI-related delay, a higher body mass index and estimated glomerular filtration rate, a lower initial systolic blood pressure, and a higher initial diastolic blood pressure.
Trends in Hospital Incidence Rates
The incidence rates (per 100,000 population) of STEMI decreased appreciably between 1997 and 2005 (121 to 77; P Ͻ.05) (Figure 1 ). After adjusting for several demographic and clinical factors that could affect the likelihood of developing STEMI, the multivariable-adjusted odds of developing STEMI decreased from 2001 to 2005 relative to the referent year of 1997 (Table 2) . A slight increase in the incidence rates of NSTEMI was observed between 1997 and 2005 (126 to 132) (Figure 1) . A significant increase in the NSTEMI incidence rates occurred in 2001, after which point NSTEMI incidence rates decreased. The multivariable-adjusted odds of NSTEMI remained relatively stable between 1997 and 1999, after which point the odds of developing NSTEMI increased (Table 2) .
Hospital Treatment Practices
Overall, there were slight, but statistically significant, differences between our 2 primary comparison groups in the proportion of patients receiving ACE inhibitors/ARBs (62% vs 56%), aspirin (94% vs 90%), and beta-blockers (90% vs 84%) during hospitalization. On the other hand, there were marked differences in the proportion of patients undergoing cardiac catheterization (65% vs 43%), PCI (46% vs 23%), and thrombolytic therapy (26% vs 1%) in patients with STEMI versus NSTEMI.
Patients with STEMI were increasingly more likely to be prescribed each of the effective cardiac medications examined, with the exception of thrombolytic therapy, and were increasingly more likely to undergo cardiac catheterization or PCI (Table 3 ) over time. Similar patterns, albeit at lower utilization rates, were observed in patients with NSTEMI. There were, however, notable differences in treatment utilization trends. A greater increase in the hospital use of beta-blockers was noted among patients with NSTEMI over time, whereas a greater increase in the use of ACEI/ARBs, cardiac catheterization, and PCI was noted in patients with STEMI.
In-hospital, 30-Day, and 1-Year Death Rates
Although a greater proportion of patients with NSTEMI developed atrial fibrillation and heart failure while hospitalized (Table 4) , in-hospital CFRs were similar for patients with STEMI and NSTEMI (Figure 2) . The in-hospital and 30-day death rates for patients with STEMI remained relatively stable between 1997 and 2005 (Table 5 ). In-hospital death rates decreased only slightly in patients presenting AMI ϭ acute myocardial infarction; CI ϭ confidence interval; eGFR ϭ estimated glomerular filtration rate. *1997 ϭ referent year. †Adjusted for age, sex, history of atrial fibrillation, angina, diabetes mellitus, heart failure or stroke, eGFR, AMI type (Q wave vs non-Q wave), and order (initial vs prior), presenting level of systolic blood pressure.
with NSTEMI. Results were quantitatively similar for models evaluating 30-day death rates.
In examining all-cause death rates during the first year after hospital discharge for patients with STEMI and NSTEMI, encouraging decreases in 1-year death rates were observed in both patient groups (Table 5 ; P for trend Ͻ.005). In multivariable-adjusted models, the odds of dying during the first year after discharge decreased steadily among patients with STEMI between 1997 and 2005. By 2005, the odds of dying within 1 year after discharge was 50% lower among STEMI patients in comparison with those admitted in 1997; a nonsignificant and inconsistent trend toward lower odds of dying within 1 year of hospitalization was noted among patients with NSTEMI.
DISCUSSION
Trends in Hospitalization Rates
Hospitalization rates for acute myocardial infarction have remained largely stable or slightly increased over time in the US population. 6, 16, 17 Our results provide relatively recent insights into these trends by suggesting that recent decreases in hospitalization for STEMI have been counter-balanced by slight increases in hospitalization for NSTEMI.
Improved coronary risk factor awareness and treatment practices may have contributed to the decreases in the incidence of STEMI observed in the present study. 18 That a similar decrease was not observed in the incidence of NSTEMI may reflect a greater benefit of primary prevention measures for those at risk for STEMI. Alternatively, changes in the prevalence of emerging cardiovascular risk factors, such as diabetes and obesity, or changing demographic characteristics of patients hospitalized with acute myocardial infarction, may have differentially promoted the development of NSTEMI. 5, 19 The most likely explanation for our findings, however, is that the observed decrease in the frequency of patients hospitalized with STEMI is part of a larger trend toward fewer patients with electrocardiographically diagnosed acute myocardial infarction. Indeed, the Framingham investigators have reported an approximate 50% decrease in the frequency of electrocardiographically diagnosed cases of acute myocardial infarction over a 40-year period. 20 In our cohort, only 40% of NSTEMI cases diagnosed since 2003 had evidence of ECG abnormalities. These data suggest that had high-sensitivity cardiac biomarkers, particularly troponin, not been introduced into the greater Worcester community during recent years, the number of NSTEMI cases may have decreased over time.
Hospital Treatment Practices
Despite being considerably older, and having a higher prevalence of cardiovascular comorbidities, patients with NSTEMI were less likely to receive effective cardiac medications and to undergo cardiac catheterization or PCI during their hospitalization than were patients with STEMI. However, prescription of these medications and procedures increased significantly, with the exception of thrombolytic therapy and coronary artery bypass surgery, over the years under study among both patient groups.
Reasons for these differences are unclear because indications for the use of aspirin, beta-blockers, lipid-lowering agents, and ACEI/ARBs are generally similar, irrespective of acute myocardial infarction subtype. Although the guidelines for treatment of STEMI and NSTEMI differ with respect to timing of cardiac catheterization and PCI, 21 data support the in-hospital use of these procedures in patients with NSTEMI. 22 Thus, patterns in the use of cardiac catheterization and PCI cannot be explained solely on the basis of differential indications. In our analysis, no disease-level factors could be identified to explain why differences in the use of effective cardiac medications, cardiac catheterization, and PCI persisted between the study groups over time.
Patient, provider, and hospital level factors, however, may offer greater insights into the treatment disparities observed in our investigation. Because NSTEMI patients were generally older and more likely to have significant comorbidities present, providers may have been less aggressive in managing NSTEMI patients due to concerns about adverse effects. 23, 24 Older patients may also have been less likely to agree to undergo invasive procedures or take multiple medications. 19, 25 Hospital-based initiatives may have contributed to differences in treatment practices observed between our respective comparison groups. Further investigation into these areas is warranted, particularly because the number of older patients with NSTEMI appears to be increasing. 
In-hospital, 30-Day, and 1-Year Death Rates
It is notable that in-hospital death rates in our study were higher for both NSTEMI and STEMI than has been reported elsewhere. 26 This likely relates to differences in age as well as to the number and severity of comorbidities in patients participating in our community-based study relative to patients eligible for participation in randomized controlled trials. 26 Use of more restrictive inclusion criteria, particularly upper age limits, may partially explain why clinical trials have not demonstrated similar death rates for NSTEMI and STEMI.
Mortality from NSTEMI remained significantly higher than STEMI at both 30 days and 1 year. The higher longterm death rates observed in patients discharged after NSTEMI may have resulted from the fact that patients with NSTEMI were older and had a greater burden of cardiovascular comorbidities. Under-utilization of effective cardiac medications and PCI, as well as greater delays in the time to receipt of PCI in patients with NSTEMI, may also have contributed to differences in the post-discharge death rates observed in these patients. 27 Our results are consistent with the notion that differences in mortality in patients hospitalized with STEMI and NSTEMI strongly relate to patients' clinical characteristics and less so to the presence (or absence) of ST-segment elevation. 28 The significant influence of heart failure, atrial fibrillation, diabetes, and kidney function on the outcomes assessed in our study also suggests that clinicians might further impact hospital and long-term death rates in patients with acute myocardial infarction by improving the treatment of these and other modifiable factors. 28 Despite increasing rates of atrial fibrillation and heart failure over time, and an increasingly older patient population, 1-year death rates decreased for all greater Worcester residents discharged after acute myocardial infarction between 1997 and 2005. This finding is consistent with prior data that have demonstrated declining long-term CFRs for both NSTEMI and STEMI. 26 Although we did not control for differences in hospital treatment practices between study groups, nor was information available about the use of cardiac medications after hospital discharge, we have previously demonstrated increasing application of effective cardiac medications in greater Worcester residents hospitalized for acute myocardial infarction. 6 Increasing use of these therapies, and reductions in prehospital delay to PCI among patients with both STEMI and NSTEMI, may have contributed to the improved 1-year survival rates noted. 29 
Study Limitations
Although trends in the incidence and death rates for STEMI and NSTEMI may have been affected by the use of coronary interventional procedures and medical therapies, we did not adjust for differences in the management of these patients. Our study was underpowered to examine differences between patients with NSTEMI with diagnostic ECG changes from those without such changes. An electrocardiographic core laboratory was not employed, perhaps resulting in some misclassification of acute myocardial infarction. The number of deaths during several time periods was relatively small, limiting any inferences that might be drawn.
CONCLUSIONS
The incidence rates of STEMI decreased significantly between 1997 and 2005. Incidence rates of NSTEMI increased slightly during this period, likely as a result of high-sensitivity biomarker introduction. Encouraging trends were noted in the postdischarge death rates for both STEMI and NSTEMI at 1 year, suggesting that acute myocardial infarction treatment practices have likely improved the long-term Table 5 Changing Trends in Hospital, 30-Day, and 1-year Case Fatality Rates (CFRs) for Patients with ST-segment (STEMI) and Non-ST-segment (NSTEMI) Elevation Myocardial Infarction outlook for all patients hospitalized with acute myocardial infarction. Increased attention needs to be directed to secondary prevention practices in the hospital and post-discharge management of patients hospitalized with NSTEMI because the proportion of NSTEMI patients receiving effective cardiac therapies lags behind those with STEMI.
